Objective-To investigate the expression of thrombomodulin in scleroderma associated pulmonary hypertension. Methods-Soluble thrombomodulin (sTM), was measured in plasma samples from 34 scleroderma patients shown to have pulmonary hypertension at echocardiogram, and comparison drawn against samples from 38 scleroderma control patients, and 20 healthy controls. Serial measurements of sTM were performed in the 34 patients with scleroderma associated pulmonary hypertension to investigate possible changes in sTM concentration with progression of the condition. Results-Mean sTM was raised in scleroderma associated pulmonary hypertension when compared with scleroderma controls (mean sTM 65.4 ng/ml v 43.3 ng/ml, p<0.05), and when compared with healthy controls (mean sTM 38.1 ng/ml, p<0.05). There was no significant diVerence between mean sTM in scleroderma controls and healthy controls. Mean sTM concentration did not change with progression of pulmonary hypertension. Conclusion-Plasma sTM is raised in scleroderma associated pulmonary hypertension. The pathogenesis of scleroderma associated pulmonary hypertension may be distinct from the pathogenesis of other forms of pulmonary vascular disease. (Ann Rheum Dis 2000;59:132-134) A form of pulmonary vascular disease, characterised by intimal proliferation and concentric narrowing of pulmonary arteries of all sizes, is a common postmortem finding in scleroderma.
A form of pulmonary vascular disease, characterised by intimal proliferation and concentric narrowing of pulmonary arteries of all sizes, is a common postmortem finding in scleroderma. 1 The presence of these lesions correlates with a clinical picture of progressively severe pulmonary hypertension culminating in death through circulatory failure. 2 The pathogenesis of scleroderma associated pulmonary hypertension is not understood.
Thrombomodulin (TM) is an anticoagulant glycoprotein expressed by endothelial cells. TM binds thrombin and changes its substrate specificity, so that thrombin then activates protein C. 3 Thrombomodulin expression is of interest in scleroderma associated pulmonary hypertension for a number of reasons. Thrombosis of pulmonary arteries is an important factor in the development of severe pulmonary hypertension. 4 One possibile explanation for this observation is that in pulmonary hypertension the pulmonary vascular endothelium is deficient in anticoagulant proteins like TM. Also injury to endothelial cells might contribute in the pathogenesis of scleroderma associated pulmonary hypertension and plasma soluble TM (sTM) is increased in conditions associated with endothelial cell damage. 5 In this study comparison has been made between the mean plasma sTM concentration of patients with scleroderma associated pulmonary hypertension, a scleroderma control population, and a healthy control population.
Methods
Scleroderma was diagnosed according to the preliminary criteria of the American Rheumatology Association. 6 Patients were selected from a database of over 800 scleroderma patients. Mean systolic pulmonary artery pressure was determined by annual Doppler echocardiogram. Blood samples were taken on the morning of the procedure and stored at −40°C before analysis. The onset of pulmonary hypertension was defined by a mean systolic pulmonary artery pressure of greater than 30 mm Hg at echocardiogram.
Patients with raised plasma creatinine were excluded from the study as sTM is cleared by the renal route. Patients were included as follows; scleroderma associated pulmonary hypertension 34 patients, scleroderma controls 38 patients, healthy controls 20 (baseline characteristics in table 1).
The possibility that plasma sTM concentration changes as the severity of pulmonary hypertension increases was investigated in the 34 patients with scleroderma associated pulmonary hypertension using plasma samples (three or five samples per patient) collected at six month intervals after the diagnosis of pulmonary hypertension with synchronous pulmonary artery pressure measurements by echocardiogram.
Plasma sTM was measured by a commercial enzyme linked immunoassay (Diagnostica Stago, Asnieres-sur-Seine, France). In the cross sectional study the means of the three groups studied were compared initially by one way analysis of variance, followed by the ScheVe method of post hoc analysis. 7 In the longitudinal study measurements of sTM at each follow up were compared with the corresponding baseline values using a paired Student's t test. Bonferroni's correction was applied to correct for the multiple application of the paired t test. A similar method was used to compare sequential measurements of systolic pulmonary artery pressure against baseline measurements.
Results
There was a significant diVerence between the means of the three groups studied (one way analysis of variance test, F 7.46, p=0.001). Mean plasma sTM concentration was raised in plasma from patients with scleroderma associated pulmonary hypertension when compared with scleroderma controls (mean (SEM) sTM 65.4 (7.0) ng/ml, versus 43.3 (3.4) ng/ml, p<0.05) and when compared with healthy controls (mean sTM 38.1 (3.4) ng/ml, p<0.05) (fig 1) . Mean sTM concentrations did not differ between scleroderma control and healthy control populations.
In the 34 patients with scleroderma associated pulmonary hypertension severity of pulmonary hypertension increased over a 24 month follow up period from a mean (SEM) systolic pulmonary artery pressure of 36 mm Hg (3.0) at baseline to a mean of 52.3 (5.7) mm Hg at 24 months(p<0.001). Over this period there was no significant change in sTM concentration (fig 2) .
Discussion
Release of sTM by cultured endothelial cells is increased by conditions favouring endothelial cell death, 8 and in vivo increased sTM is found in conditions where there is widespread damage to the vascular endothelium. 5 In this study we have shown that sTM is raised in the plasma of patients with scleroderma associated pulmonary hypertension but not in plasma from scleroderma control patients. Endothelial cell injury is an important mechanism in the development of scleroderma. 9 Damage to pulmonary vascular endothelial cells could account for the increase of sTM found in this study.
Both increased shear stress and hypoxic conditions lead to decreased expression of TM by endothelial cells in vitro. 10 11 Previous studies show that plasma sTM concentrations are decreased in patients with severe idiopathic primary pulmonary hypertension. 12 13 Therefore it was suggested that sTM might decrease with increasing severity of scleroderma associated pulmonary hypertension. In this study, however, we found no significant change in sTM concentration as pulmonary hypertension worsened over a two year follow up. Possibly the mechanisms leading to scleroderma associated pulmonary hypertension are diVerent from those leading to other forms of pulmonary vascular disease such as idiopathic primary pulmonary hypertension.
This study adds emphasis to one further point. Early pathogenic mechanisms in pulmonary hypertension can be studied in scleroderma as it is practical to screen the scleroderma population for the development of this complication. Other forms of pulmonary vascular disease such as idiopthic primary pulmonary hypertension cannot usually be diagnosed at an early asymptomatic stage as the at risk population cannot be clearly identified.
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